The development of in vitro (tissue culture) assay systems for murine leukemia (MuLV)l" 2 and sarcoma (MSV)3-7 viruses, the demonstration of the defectiveness of the MSV genome,3 and its rescue with various MuLV's7 have brought out certain remarkable similarities between these viruses and those of the avian leukosisRous sarcoma complex.3' 7, 8, "a Subsequent studies of the murine viruses, which I propose to outline briefly in this presentation, not only emphasize further the extent and significance of these similarities, but show also that the natural behavior, prevalence, and modes of spread of murine leukemia and sarcoma viruses follow very closely the patterns of the known avian tumor viruses.
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Avian Tumor Viruses.-During the many intervening years since Rous's discovery of the Rous sarcoma virus (RSV) in 1911, much information has been obtained concerning the nature and behavior of the RNA tumor viruses. However, as is true of all virus research, the modern era of RNA tumor virus research can be said to begin with the development of in vitro test systems. Manaker and Groupe reported altered foci in chick embryo cultures induced by RSV, following which Rubin developed a tissue culture test for the growth and assay of avian leukosis viruses (ALV).9' ga In reporting the resistance-inducing factor (RIF) test, Rubin showed that ALV interfered with the focus-forming activity of P SV in chick embryo fibroblast (CEF) cultures.10 Arined with two simplified and reproducible assay procedures, the focus-forming for RSV and the RIF for ALV, Rubin, Hanafusa, Vogt, and others demonstrated the defectiveness of the Bryan strain of Rous sarcoma virus,iOa 11 described its rescue in vitro with various leukosis viruses,12 and defined to a considerable extent the natural history and immunological specificities of the latter in infected chicken populations."3 13a
Subsequently my associates and I reported complement-fixing (CF) antigens in hamster tumors induced by the Schmidt-Ruppin strain of Rous sarcoma virus (SR-RSV). Using sera of tumored hamsters, we showed that these antigens were also present in chicken sarcomas and in chick embryo cells infected with avian leukosis viruses. The CF antigens were not sedimented with virus particles and appeared to be soluble internal antigenic components shared by all the known avian leukemia-sarcoma viruses.'4' 15 This latter finding provided the basis for the development of the COFAL test (complement fixation for avian leukosis),' a test now widelv used for detection and assay of ALV infections in chickens.
These observations stimulated further studies on the nature of the internal antigens as structural components of the leukosis viruses;17 on their presence in "nonproducer" avian and hamster sarcoma cells; '8-20 and on the transfer of the noninfectious RSV genome from sarcoma cells to normal cells by direct contact.21 22 As a result of these studies it was soon established that ALV and RSV were similar to the influenza-like myxoviruses in that they contained anl internal group-specific antigen in addition to the outer envelope aiitigeim which had been shown earlier to be the determinant of serotype specificity. 12 soluble antigens that we suspected must also be present in the supernates. Thus we were unable in our early studies to confirm in the MuLV's the presence of a group-specific internal (CF) antigen similar to that found earlier in the ALV-RSV complex viruses. However, in 1966 Geering, Old, and Boyse26 reported a gel precipitation test which revealed a group-reactive antigen released by ether treatment from murine leukemia viruses, which appeared to be shared by both theG+ and the FMR groups of murine leukemia viruses. We readily confirmed this observation in complement fixation tests using G + rat sera provided by Old and sera of rats in our own laboratory carrying tumors induced by the murine sarcoma virus (MSV).7
Prevalence of Murine Leukemia Viruses as Determined by the COMuLV Test.-Sera from inbred Fisher rats carrying fibrosarcomas produced by MSV and by pseudotypes of MSV developed CF and neutralizing antibodies to the corresponding strains of virus.3' I Following several serial transplantations of the sarcomas into newborn or weanling rats, neutralizing antibodies no longer appeared in sera and infectious virus was less evident in the tumors. 27 Complement-fixing antibodies, however, were frequently present, and some were highly reactive with antigenic preparations of the well-known murine leukemia viruses and with preparations of many murine tissues and tissue cultures suspected to contain naturally occurring leukemia viruses. 27 With the use of highly reactive rat sera we found that MSV and MuLV preparations usually contained large amounts of a group-specific antigen separable by centrifugation from the viral particle and that identical "soluble" antigens were released from the latter by treatment with ether, whereas rat sera containing antibodies to the virus particle only did not detect the soluble antigens released by ether (see Table 1 ). Thus the leukemia viruses of mice also appeared to have a structure not unlike that of other myxoviruses which contain group-specific internal soluble (S) antigens and external or type-specific envelope (V) antigens. 28 This finding proved to be particularly useful since the broadly reactive rat antisera made it possible for Hartley and her associates29 to detect and isolate within a relatively short period nearly 200 strains of murine viruses having the antigenic properties of the murine leukemia-sarcoma complex (Tables 2 and 3 ). Perhaps of greatest interest was the isolation of such viruses from tissues of normal mice, including those known to have very low spontaneous rates of clinical leukemia.
The COMuLV test therefore makes it possible to design studies of the natural occurrence of murine leukemia viruses in their natural hosts, and our preliminary observations indicate that murine leukemia viruses, like many other viruses, are highly prevalent as well as covert infectious entities. Viewed in this context the MSV ( cal with those of the respective leukemia viruses used for rescuing the sarcoma genome. The newly established pseudotypes also contained an internal antigenic component found in all the murine leukemia viruses (vide supra).
Rescue of the defective MSV genome was achieved in several different ways. It can be seen in Table 6 that, as reported previously,7 the MSV genome was rescued from the MSV-HT cells only when the latter were exposed in tissue culture to both murine leukemia virus (MuLV) and normal mouse cells; rescue was achieved in vito as well when MSV-HT cells mixed with MuLV were injected subcutaneously and/or intramuscularly into newborn NIH Swiss or BALB/c mice. However, we found that the genome was also rescued by injecting MSV-HT cells into newborn AKR mice without the addition of murine leukemia virus. 29 Since tissues from normal newborn AKR mice regularly yielded demonstrable leukemia virus, it seemed clear that the vertically transmitted leukemia virus present in AKR mice provided an indigenous source of envelope material for the noninfectious sarcoma genome.
We have not succeeded in transferring the cell-transforming principle from MSV-HT cells to normal mouse cells to acquire "nonproducer" mouse sarcoma cells such as Sarma et al.22 reported for the avian sarcoma system. Perhaps of special interest is the pseudotype MSV produced by my associate Dr. Igel, who used as a helper the leukemia virus isolated several years ago from irradiated C57B1 mice by Kaplan and his associatesY3' 31 Despite years of effort, this virus (KLV) has not been adapted for growth in tissue culture, and bioassays of the virus which must be done in mice frequently require six months or longer. The VISV(KLV) pseudotype made it possible to study the envelope properties of the KLV in tissue culture as well as in newborn mice. MSV(KLV) appears to have the antigenic properties of MSV(GLV) but is peculiar in that it is poorly adapted for growth in any MEF cells except those derived from the C57B1 strain, and its tumorigenic activity appears to be restricted largely to C57B1 newborn mice. 30 The MSV viruses therefore resemble the RSV viruses in several important ways (Table 7) . Like RSV, MSV's contain virus-specific envelope antigens that reveal easily detectable antigenic differences between various antigenically different helper leukemia viruses. Thus the Gross virus group was shown to be distinct from the Since the AMLV-MSV internal (S) antigens are generally produced in higher titer than the envelope (V) antigens, they are therefore easily detected in the COMuLV test, an observation that, as described above, has greatly facilitated the detection and assay of prevalent leukemia viruses.
The murine leukemia viruses have been found by Sarma et al.32 to interfere with MSV focus formation in tissue cultures, thus behaving very much like the ALV-RSV complex viruses. This observation was utilized to develop a standard assay procedure for the known leukemia viruses. This new test appears to have a sensitivity nearly equal to that of the COMuLV test.
Recently we found that host and host cell susceptibilities to infection with various MSV's are genetically determined. Cell penetration apparently is determined by the envelope furnished by the helper MuLV. Thus the host range as well as the development of neutralizing antibodies in the infected host are helper-dependent properties of the MSV's. The pathogenic behavior of the sarcoma genome, on the other hand, appears to be helper virus-independent in that the tumors produced by all the pseudotypes have the same cytopathic appearance. 0 General Considerations.-One of the more obvious yet frequently overlooked facts in considering causes of disease is that very few etiological agents behave exclusively in highly specific fashion. Studies of the whole "icebergs" including the hidden (subclinical) activities of most infectious agents show that the clinical manifestations regarded as most characteristic nearly always represent relatively unusual events in the natural histories of such agents. More often thait not, therefore, epidemiological studies based exclusively on highly specific clinical manifestations of widespread agents are likely to result in incorrect conclusions which hinder rational control efforts.
In the past, misconceptions about the prevalence of virus infections in relation to poliomyelitis or respiratory diseases, for instance, were anything but helpful. Until recently, similar misconceptions about the rarity, specificity, and uniqueness of animal leukemia viruses may have obstructed progress in developing more useful detection and assay systems for these viruses. Similarly, recent emphasis on the increasing incidence of lung cancer induced by chemical carcinogens found in tobacco tars may have tended on the one hand to obscure the importance of such carcinogens in causing other cancers and on the other the importance of other carcinogens in lung cancer.
In addition, recent investigations suggest that multiple carcinogenic agents (physical, chemical, and viral) may combine to produce certain tumors.33 Carcinogenesis resulting from the interactions of two or more chemicals, two viruses, viruses plus chemicals, irradiation and viruses, are known to occur. However, almost nothing has been done as yet to determine to what extent such synergistic phenomena occur naturally in general populations. The recent development of in vitro laboratory assay systems for viruses and environmental pollutants now should make such efforts possible.
Conclusion.--The newer in vitro techniques for detecting and assaying the leukemia and sarcoma viruses of chickens and mice have produced radical changes in previous concepts concerning the natural behavior of these viruses. Like many other viruses, leukemia virus infection appears to be widespread, yet in most natural circumstances it rarely results in clinical disease during the normal lifetime of the infected animal. Indeed, one might conclude from studies of the prevalence of ALV's and MuLV's that they represent the most common virus infections of the mouse and the chicken. If this is so, as I pointed out previously for other pathogenic viruses, ecological studies of a limited or uncontrolled nature could be expected to uncover such infections as frequently in association with good as with ill health, despite the fact that under certain natural conditions they do cause clinically observable disease. 34 Finally, with the tools at hand, meaningful field studies can now be done to determine more specifically the roles of the avian and murine leukemia-sarcoma viruses in producing leukemia and other neoplastic illnesses in their natural hosts. The many similarities exhibited by these "natural" models in two different classes of animals suggest that they may represent expressions of a general biological pattern likely to be expressed also in man and his domestic animals. 
